Abstract This paper investigates the effects of global budgets on the amount of resources devoted to cardio-cerebrovascular disease patients by hospitals of different ownership types and these patients' outcomes. Theoretical models predict that hospitals have financial incentives to increase the quantity of treatments applied to patients. This is especially true for for-profit hospitals. If that's the case, it is important to examine whether the increase in treatment quantity is translated into better treatment outcomes. Our analyses take advantage of the National Health Insurance of Taiwan's implementation of global budgets for hospitals in 2002. Our data come from the National Health Insurance's claim records, covering the universe of hospitalized patients suffering acute myocardial infarction, ischemic heart disease, hemorrhagic stroke, and ischemic stroke. Regression analyses are carried out separately for government, private not-for-profit and for-profit hospitals. We find that for-profit hospitals and private not-for-profit hospitals did increase their treatment intensity for cardiocerebrovascular disease patients after the 2002 implementation of global budgets. However, this was not accompanied by an improvement in these patients' mortality rates. This reveals a waste of medical resources and implies that aggregate expenditure caps should be supplemented by other designs to prevent resources misallocation.
Introduction
This study investigates the impact of global budgeting on the treatment intensity and patients' outcomes. In developed or high income countries, governments play an important role in financing health care services through the public provision of health insurance or direct provision of health care services, or through subsidizing the utilization of medical services (see Docteur and Oxley 2004) . Thus, the rapid increase in health care expenditure since the 1960s has become a great concern to policy makers in these countries. In response to soaring health care costs, various cost containment measures have been implemented. Examples of cost containment measures include capitation, DRG-based payment method and global budgeting. According to Le Grand (2003) , among different cost containment measures, global budgeting is the most effective one. Because global budgeting is effective in controlling medical expenditures, it is widely adopted in OECD countries (see Docteur and Oxley 2004; Wolfe and Moran 1993) .
In the literature, there are numerous studies comparing patients' outcomes under different payment systems: fee-for-service, capitation and DRG-based payment systems (see Christianson and Conrad 2011 , for a recent review). However, even though there are studies on global budgets' effects on the quantity of services supplied and the cost containment effectiveness, the literature is silent on the issue relating to patients' welfare. 1 While global budgeting aims at curbing the growth in health care expenditure and it is shown to be effective in doing so, it is unclear whether successful cost containment is at the expense of patients' welfare. If medical cost containment by global budgeting is accompanied by a decrease in patients' welfare arising from worsening treatment outcomes, then the health authority should consider alternative cost containment methods or complemental measures to minimize this collateral damage. Alternatively, if the implementation of global budgets leads to an increase in treatment intensity, while treatment outcomes do not improve, there is a misallocation or a waste of medical resources and the use of global budgets as a containment device should be reconsidered.
The data we use come from the National Health Insurance (NHI hereafter) claim records, which is maintained and distributed by Taiwan's National Health Research Institute. Our data cover the period January 2001-March 2003, and consist of administrative records of all patients suffering from AMI (acute myocardial infarction, ICD code: 410), ischemic heart disease (ICD code: 411-414), hemorrhagic stroke (ICD code: 434) , and ischemic stroke in that period. We use the total number of points, which is a unit measuring the quantity of service performed and is to be explained below, that a hospital claims for treating a patient as a measure of treatment intensity. For treatment outcomes, we use patient's 30-day mortality as a proxy.
In our empirical analysis, we look at the changes in treatment intensity and outcomes of private for-profit, not-for-profit, and government hospitals separately. This is because findings obtained by previous studies show that the behaviors of for-profit, private not-for-profit, and government hospitals are likely to be very different probably due to the differences in their objective functions and constraints (e.g., tax exemptions and organizational structure). Especially, these findings imply that for-profit hospitals are more responsive to financial incentives. It is expected that for-profit hospitals are more responsive than not-for-profit hospitals to the launch of global budgets. For not-for-profit hospitals, since profit making is not their utmost concern, relative to for-profit hospitals their responses to global budgeting are likely to be sluggish.
Our empirical results suggest that after the launch of global budgets patients in for-profit and private not-for-profit hospitals received more treatments, while the quantity of services received by government hospitals' patients did not change. However, there was no discernible improvement in the mortality rates of for-profit and private not-for-profit hospitals' patients. This implies that there may be a waste of resources and a modification of the design of the global budget system may lead to an improvement in resource allocation.
Literature review
Different payment systems create different incentives to medical service providers. The responses of providers to these incentives in terms of service quantities and quality have important implications on patients' treatment outcomes. It is generally agreed that under fee for-service providers have incentives to over-supply services. However, even though patients may receive more treatments, these treatments may be unnecessary or inappropriate. Thus, patients' outcomes may not be better under fee-for-service.
To contain costs and improve health service quality, some insurance systems have adopted capitation or the DRG-based prospective payment systems. Providers are likely to limit the supply of services under these prospective payment systems (see Miller 2009 , for a discussion). While prospective payment systems are found to succeed in containing medical cost, findings on its effects on patients' outcomes are mixed even within a single study. For example, the results in Rogers et al. (1990) show that with the introduction of a DRG-based payment system while mortality following hospitalization is unaffected, patients are more likely to be discharged prematurely. Moreover, findings of Louis et al. (1999) suggest that even though service utilization declined with the replacement of a global budget system by a DRG-based payment system in Italy, patients' in-hospital mortality rate was unaffected. Similar findings are obtained by Cheng et al. (2012) for the case of Taiwan, where a DRGbased payment system is introduced on top of a global budget system. By contrast, Cutler (1995) finds that the replacement of a cost-based reimbursement method by a diagnosis-based prospective payment system in the U.S. had adverse effects on patients' outcomes.
Even though global budgeting is widely adopted as a medical cost containment measure, its economic implications are not well explored in the literature. Moreover, most theoretical studies on the subject focus mainly on the behavioral response of providers. Their results imply that, if the medical market is competitive, a larger quantity of medical services is provided under a global budget system, while a smaller amount of services is provided if providers have market power. Furthermore, there are different possible reasons suggesting that private not-for-profit and government medical service providers are insensitive to financial incentives, suggesting that they are less responsive to the launch of global budgets than forprofit providers. Below is a brief review of the relevant theoretical and empirical literature.
Among theoretical studies on global budgeting, an early study of the consequences of global budget as a cost containment device is Fan et al. (1998) , whose results show that, given the same amount of medical expenditure, providers will provide a larger quantity of services under a global budget system if there is a large number of providers and they act competitively (i.e., do not coordinate with each other). If providers do coordinate, the results depend on the penalty imposed by the government for services supplied beyond the quota under the expenditure target system. These predictions are supported by their experimental results. Providers' behavior under the global budget system and fee-for-service payment system in a competitive medical care market is analyzed by Benstetter and Wambach (2006) . It is shown that under a global budget system the quantity of services supplied by a profit seeking provider depends on the expected price, which in turn depends on the aggregate quantity of services supplied by all providers in the system. They explain that the low price equilibrium, where providers supply a large quantity of services, is likely to be attained.
By contrast, Mougeot and Naegelen's (2005) results suggest that compared with a feefor-service payment system, an expenditure cap results in a lower level of service quality, implying a lower level of equilibrium quantity of services provided and social welfare. These results prevails in monopolistic as well as Cournot-competitive markets. It is likely that the difference in Mougeot and Naegelen's (2005) results from others reviewed above is due to their assumptions that the government behaves strategically and providers choose the levels of service quality and cost-minimization effort to maximize profit. On the contrary, other studies assume that providers choose the quantity services to maximize profits.
Service providers in the theoretical studies reviewed above are assumed to be profit maximizing (e.g., they are for-profit providers). However, for-profit providers' behavior are very likely to be different from that of private not-for-profit or public providers, which are subject to different institutional and financial constraints (see Sloan 2000) . There are several possible reasons why private not-for-profit and public providers behave differently from their for-profit counterparts. Firstly, while both not-for-profit and public providers are not allowed to distribute profits, public providers are subject to additional political and legal constraints, e.g., regulations on government employee compensation and public opinion on the prices charged by public providers (see Hansmann 1980, and Wilson 1989) . These constraints are likely to stifle not-for-profit and public providers' response to financial incentives.
Secondly, private not-for-profit and public providers may have been founded for the purpose of serving a certain group of individuals or achieving certain objectives, e.g., philanthropy (see Weisbrod 1977) . That is, profit maximization is not their first priority. Furthermore, the soft budget constraint of not-for-profit and public providers also suggests that they are less responsive to financial incentives (see Kornai 1986; Kornai et al. 2003, and Kornai 2009) . Having a soft budget constraint implies that an organization is not allowed to fail even though it is making chronic losses and its subsidies will be offset by profits.
These theoretical studies' predictions on the differences in hospital behavior due to differences in ownership are mostly borne out in findings of empirical studies. Previous studies find that, relative to their for-profit counterparts, private not-for-profit and public providers are sluggish in responding to financial incentives, and public providers are the least responsive (see, Duggan 2000; Sloan et al. 2001; Silverman and Skinner 2004; Horwitz 2005; Dafny 2005; Horwitz and Nichols 2009; Shen and Eggleston 2009 ). In addition, hospitals' quality of care or treatment outcomes varies with their ownership (see McClellan and Staiger 2000; Eggleston et al. 2008; Lien et al. 2008 ). There are no empirical studies focusing on the differential responses of hospitals of different ownership to changes in the payment system.
There is several empirical research on hospital responses to global budgeting in term of quantities and quality of care. In general, findings of empirical studies support the prediction that the launch of global budgets leads to an increase in the quantity of medical services supplied. For example, in response to an expenditure cap, physicians in Quebec increased their activity levels, and provide more complex and high-priced procedures (see Rochaix 1993) . Similarly, the study of Hurley et al. (1997) suggest that expenditure cap in Canada led to an increase in expenditure. In response to a global budget, dentists in Taiwan exhibit similar behavior (see Lee and Jones 2004) . Also, hospitals in Taiwan are more likely to hospitalize patients under global budgeting, see, e.g., Chen et al. (2007) , Cheng et al. (2009) .
Few studies, except those by Tung and Chang (2010) and Chang et al. (2011) , analyze the effect of global budgeting on the quality of care. Using 1997-2008 patient-level data extracted from the Taiwan's NHI database, Tung and Chang (2010) and Chang et al. (2011) provide evidence that the adoption of global budgeting in 2002 had an adverse effect on the mortality of hospitalized patients suffering from stroke and AMI, respectively. However, their empirical results may be confounded by changes in the payment scheme implemented during their sample period.
To summarize, previous studies' empirical and theoretical results suggest that (a) profit maximizing providers are likely to increase the quantity of service supplied, and (b) private not-for-profit and, especially, public providers are less responsive to profitable opportunities. Based on these findings, it can be conjectured that, while providers will increase the quantity of service supplied in response to the launch of global budgets, private not-for-profit and public providers are less responsive than their for-profit counterparts.
Background

National Health Insurance and hospital global budgets in Taiwan
Since March 1995, NHI provides insurance coverage to all residents in Taiwan. The medical benefits of Taiwan's NHI are comprehensive, covering inpatient care, ambulatory care, emergency care, laboratory testing, diagnostic imaging, prescription, certain over-the-counter medicines, dental care, Chinese medicines, preventive care (e.g., pediatric immunization and adult health examination), etc. Taiwan's NHI has substantially reduced the out-of-pocket expenditure of medical service utilization. For example, to see the doctor at a community clinic, a patient pays an appointment fee of NT$100 and a copayment of NT$50, which are equivalent to US$3.46 and US$1.73, respectively, at the March 1995 exchange rate.
Over ninety percent of hospitals in Taiwan are contracted NHI medical service providers. Initially, NHI contracted providers are reimbursed on a fee-for-service (FFS) basis. Under this payment system, a provider is credited a certain number of points for each treatment procedure offered and each point is worth NT$1 (approximately US$0.032 at the 2002 exchange rate).
The low out-of-pocket user costs under NHI allow liberal use of medical services by the general public. The FFS payment system also encouraged medical service providers to provide as much service as possible. This has led to a rapid growth in health care expenditure and the NHI system has incurred a huge deficit. Over the six year period 1996-2001, on average the annual growth rate of expenditure incurred by the NHI system was 7.43 % (where the average inflation rate is 1.18 %), and the NHI system accumulated a deficit of NT$12.82 billion. This has cast doubt on the long-term financial sustainability of the system, and eventually global budgets were installed to contain the rising health care expenditure. Global budgeting was used for dental services starting from 1998. This was followed by global budgets for Chinese Medicine in 2000, and community clinics in 2001.
Global budgets for all hospital services were set in place in July of 2002. The national budget for a given year is determined before the end of the previous year by consultation between the Bureau of National Health Insurance (BNHI) and hospital representatives. The aggregate level of expenditure in the previous year and age structure of the population determine the size of the national budgets. Moreover, the national budgets were divided into quarterly sub- budgets, with the relative size of the quarterly budgets determined by the actual quarterly expenditure in the previous years. Starting from 2003 regional budgets were introduced. Each region's share of a budget is determined by two factors: (a) the total medical expenditures claimed in the region in the previous year and (b) demographic characteristics (e.g., total population size, sex ratio, age structure, and the mortality rates). As such, while a provider's current behavior has some effect on a region's future expenditure cap, the effect is very small given that all regions are competitive and demographic factors carry a heavier weight in determining a region's budget. See Table 1 for the counties/cities covered, and hospital market and demographic characteristics of the six regions.
Like the pre-global budget era, each hospital is offered a certain number of points for a service item. However, the point value (i.e., the amount of money that a hospital is reimbursed for each point earned) is uncertain, depending on the total volume of services provided by hospitals in that medical region. A region's quarter q point value is determined as follows The hospital budgets include inpatient and outpatient services. The global budget system does not apply to home care, mental health rehabilitation, and health care arising from disasters. Extra funding is provided to cover such expenditure. In addition, the point value for drugs and medication services, and preventive care is fixed at NT$1. Global budgeting is effective in containing health care costs. Over the period 2002-2007, the average growth in the health care expenditure incurred by the NHI is 4.82 %, while the average inflation rate is 0.97 %, in contrast to 7.43 % for the period 1996-2001. Since service quantity has increased substantially, while expenditure is allowed to grow at a controlled rate, there is a decrease in point value, as showed in Fig. 1 .
It is noted that in 2003 there was a jump in the point value and there was no fluctuation in point value across quarters. This is because during the 4 months of SARS epidemic (AprilJuly, 2003) there was a shortfall in patient visits and a huge jump in hospitals' nonreimbursible expenses to combat SARS, especially for large-scale hospitals. Some hospitals thus incurred heavy financial losses. In order to assist these hospitals, in addition to providing subsidies, in 2004 the BNHI abolished the quarterly budgets. Quarterly budgets were replaced by annual ones, such that each region's 2003 reimbursement was based on a single point value for the whole year.
In view of the surge in the volume of health care services and deterioration in service quality accompanied by the hospital global budget system, in January 2004 the BNHI introduced the "Hospital Self-Management" scheme for selected hospitals, which are usually large. Participation in the scheme is by application and is subject to approval. A participating hospital has its own expenditure caps, which are negotiated between the hospital and the BNHI, and the point value of its services may be different from that of other hospitals. Furthermore, a participating hospital should have plans to improve its service quality. The "Hospital Self-Management" scheme was replaced by the "Hospital Excellence" scheme in July 2004. Under this scheme, there is more room for a participating hospital to negotiate the expenditure cap. In return, it has to follow stricter rules and has to draw up service quality improvement plans, which are subject to evaluation, and release its financial statements to the BNHI. Out of a total of 556 hospitals, there were 230 participating in the scheme in 2004. This study will focus on the period prior to the SARS epidemic and the introduction of the "Hospital Self-Management" scheme.
For-profit, private not-for-profit, and Government Hospitals in Taiwan
In Taiwan, hospitals can be broadly classified into three types: for-profit, private not-for-profit, and government hospitals. Separate analysis is carried out for these three types of hospitals due to their possible different responsiveness to the launch to global budgets. Below is a brief description of the hospital markets in Taiwan with respect to these three types of hospitals.
The establishment and operation of hospitals in Taiwan are governed by its Medical Law. According to this law, for-profit hospitals are established and run by physicians. Government hospitals are owned and operated by government agencies, local governments, or public universities. Private not-for-profit hospitals are owned by private not-for-profit corporations, e.g., private universities, religious corporations, and charitable organizations, which may be partially supported by private donations. A hospital run by a not-for-profit corporation is controlled by a board. It enjoys property tax exemption, and profit tax exemption if over 80 % of its earnings are spent. Table 1 exhibits the numbers of different types of hospitals for the period 2001-2003. There are far more for-profit hospitals than private not-for-profit or government hospitals. Table 1 shows that in terms of hospital beds, for-profit hospitals are much smaller than their private not-for-profit and government counterparts. Moreover, as suggested by the Herfindahl index in Table 1 the hospital markets are competitive with most regions' Herfindahl index being below 0.1 and the highest being 0.12 (i.e., region 6).
Data
Our data consist of National Health Insurance claim records of patients hospitalized during the period January 2001 and March 31, 2003. These records are maintained and distributed by Taiwan's National Health Research Institute (NHRI). Our empirical analysis employs every single record of patients hospitalized due to AMI, ischemic heart disease, hemorrhagic stroke, and ischemic stroke during the sample period. In our sample there are totally 275,669 patients, and 29,615, 139,708, 79,836, and 28,487 patients, respectively, suffering from these four diseases.
Our rationale behind focusing on the four diseases is that they are the leading causes of mortality in Taiwan and their total treatment expenditure accounts for a large share of health care expenditures. 2 Another reason is that their onset is usually sudden and rapid such that a patient is usually admitted to the nearest hospital. Thus, sorting of patients to certain kinds of hospitals, e.g., patients of higher socioeconomic status being admitted into better hospitals or patients with more severe conditions are admitted to a better equipped hospital, is less likely. The avoidance of self-selectivity of patients into different kinds of hospitals is important in the current study since separate empirical analyses are carried out for for-profit and not-for-profit hospitals. Moreover, since these four diseases are usually acute and severe, the treatment outcomes of these diseases are relatively straightforward to measure.
We do not include patients hospitalized after March 31, 2003 for two reasons. Firstly, the SARS epidemic, which escalated during the second quarter of 2003 and did not subside until the fourth quarter, represents a shock to the hospital market. Secondly, in 2004 the BNHI introduced the "Hospital Self-Management" and "Hospital Excellence" schemes which allow a participating hospital to have its own expenditure cap. There were slightly less than half of the hospitals participating in the schemes in 2004. The 2003 SARS epidemic and the subsequent changes in the global budget system make it difficult to analyze the global budget system's impact if our sample period covers these events. Actually, including a relatively narrow time band surrounding the launch of global budgets allows us to avoid unobserved confounding factors.
In our empirical analysis, we examine the impact of global budgeting on a patient's treatment intensity and outcomes, while controlling for her demographic characteristics and comorbidity conditions. We use the number of points awarded by the BNHI to a hospital for treating a particular patient and patients' length of stay as proxies for the intensity of treatments. To investigate at what margins hospitals change their treatment intensity, we disaggregate the total number of points into five categories:
(a) Points for medicines, (b) Points for diagnosis, testing, or screening, (c) Points for treatment procedures (e.g., surgery), (d) Points for medical supplies, and (e) Other points (e.g., room, meals).
We measure a patent's treatment outcomes based on the incidence of mortality within 30 days after admission. Direct information on patients' mortality is not available from the NHI database. We infer patients' mortality from their (a) withdrawal from the NHI and (b) the absence of any claim records of medical care utilization within one year after withdrawal. The four diseases that we study are life-threatening, patients with these diseases will need medical care and surveillance even after being discharged from hospitals. It is not usual for a patient of these diseases to withdraw from NHI shortly after being discharged unless he/she did not survive. Moreover, if it is not because of mortality, it is also not very possible for a patient of such diseases not to seek medical care within one year after hospitalization.
The summary statistics in Table 2 suggest that the four acute diseases' mortality rate, on average 0.08, is very high. Assuming a point value of NT$1, on average the cost of treating a patient of such diseases in Taiwan is NT$80,731 (i.e., US$2,571.065 at the 2002 exchange rate of 31.4). Moreover, the highest proportion of these medical expenditures is for treatment procedures.
In our empirical analysis, we control for certain regional and patient level characteristics which may affect the outcomes of treatment, e.g., a medical region's Herfindahl index, and a patient's gender, age, Charlson Comorbidy Index (denoted CCI score, which is converted to 16 dummies indicating whether a patient's score is equal to one of the integers in 0-14, or above 14), day of the week dummies, month of the year dummies, disease dummies, dummies indicating whether a patient was admitted to a medical center, a regional hospital or a local hospital, dummies for whether or not a patient had a previous episode of hospitalization for one of the diseases within one year (i.e., new admission). The descriptive statistics of some of these variables are reported in Table 2 . 
Empirical strategy
To examine the effect of global budgeting on treatment intensity and treatment outcomes we estimate the following fixed effects model. hid is a residual; and α, β, κ jg1 , κ jg2 , γ 1 , γ 2 , θ 1 , θ 2 are parameters to be estimated. We use η h to control for time-invariant hospital heterogeneity (e.g., accreditation levels, size, location and local demographic characteristics, etc.). The time-invariant unobserved heterogeneity η h is a parameter, which is to be conditioned out, instead of being estimated, in the estimation. Since the characteristics of hospitals do not change very much over time, η h should be sufficient in capturing hospital heterogeneity. An alternative specification to capture unobserved heterogeneity is the random effects specification, which is equivalent to the random intercept hierarchical model with random intercepts. The random effects specification controls for unobserved heterogeneity by assuming that there is a time-invariant component in the error term and this time-invariant component follows a pre-specified distribution. Features of this distribution are to be estimated in the random effects specification.
Under the random effects specification, it is assumed that the time-invariant error component is uncorrelated with all regressors. If this assumption is violated, the random effects model yields biased estimates for the regressors' coefficients. By contrast, unobserved heterogeneity η h is allowed to be correlated with the regressors. If the random error component is uncorrelated with the regressors, the random effects specification yields estimates which are asymptotically equivalent to, but more efficient than, those obtained from the fixed effects specification. See Hsiao (2003) for a comprehensive review.
In addition to its robustness to the possible correlation between the time-invarying unobserved heterogeneity and the regressors, the reason why we choose to adopt the fixed effects specification is that it is especially suitable to the data that we are analyzing: the absence of a rich set of hospital level characteristics. Under the random effects specification, some of the unobserved hospital characteristics, which will become part of the time-invariant error component, are likely to be correlated with the responsiveness of a hospital to the global budget system. The specification in (1) follows a regression discontinuity design with a parametric specification and calendar day trend d as the running variable. Thus, we allow y hid to follow a quadratic time trend. To make the specification more flexible, we also interact the quadratic time trend with dummies for disease types, hospital accreditation level (i.e., whether a medical center or not), and medical regions. We also interact a region's Herfindahl index with the quadratic time trend. Under the specification in (1), we identify the effect of global budgeting by detecting a discrete jump or sharp discontinuity in the outcome y hid surrounding the implementation of global budgeting. This is captured by the coefficient α. The estimation of (1) is via linear regressions with hospital level fixed effects. Our computation of standard errors of the coefficient estimates takes into account clustering at the hospital level.
Nonparametric methods for regression discontinuity designs have been proposed (see Lee and Lemieux 2010) . The reason why we adopt a parametric specification in the current study is that we want to control for hospital fixed effects and some other patient characteristics, which are non-negligible determinants of treatment intensity and outcomes. This is infeasible if we use a nonparametric method in terms of computational time. Moreover, the use of a nonparametric method involves the issue of bandwidth choice, which is not trivial.
For the estimation of global budget's impact on mortality, the fixed effects logit model may be more appropriate in terms of the functional form given that the outcome variable is discrete. However, it is difficult to interpret or quantify the estimation results of a fixed effects logit model. This is because marginal effects cannot be computed using the fixed effects logit model's estimation results. With the fixed effects being conditioned out and not estimated, we cannot compute the predicted probabilities of the outcome variable, which are needed to compute the marginal effects.
Estimation results
The coefficient estimates of the effects of hospital global budgets on treatment intensity and outcome are summarized in Tables 3 and 4 . The estimates for mortality are multiplied by Patients were excluded if their length of stay in hospital was longer than 65 days, or their age was younger than 35 or older than 80 a Standard errors b Number of patients. Patients with zero utilization were excluded * * * , * * , * Statistically significant at the 1, 5, and 10 % levels 100 so that they represent percentage points. A more complete set of results is reported in the Appendix. Theories suggest that for-profit hospitals have the strongest incentive to respond to profitable opportunities and this is borne out in the results. The coefficient estimates of the impact of the launching of global budgets (estimates of α) in column 3 of Table 3 suggest that there were statistically significant and sizable increases in the number of points claimed by for-profit hospitals for treating cardio-cerebrovascular disease patients. The total number of points claimed increased by 5.3 %, and the number of points for treatment procedures, diagnosis/testing/screening, medicines, and medical supplies increased by 13.3, 5.9, 8.9 , and 16.5 %, respectively, while that for "other" medical services did not have a statistically significant change. Moreover, patients' length-of-stay increased by 4.8 % with the launch of global budgets. These results suggest that acute cardiocerebrovascular disease patients admitted to for-profit hospitals received substantially more medical services. However, even though there were increases in almost all categories of medical services received by patients in for-profit hospitals, there was no improvement in their treatment outcomes. Actually, their 30-day mortality rate increased slightly by 1.7 %.
Estimates of global budget's impact for private not-for-profit hospitals are reported in column 2 of Table 3 . Private not-for-profit hospitals may have a slightly stronger incentive to respond to financial incentives than government hospitals. There were also substantial increases in the intensity of treatment received by private not-for-profit hospitals' patients. But these changes are smaller than those of for-profit hospitals. There was a 4.1 % increase in the total number of points claimed, and a 6.9, 5.3, and 5.0 %, respectively, increase in the number of points claimed for treatment procedures, diagnosis/testing/screening, and medicines, while the estimates for changes in points for "other" services and medical supplies are statistically insignificant at conventional levels. Moreover, patients in private not-for-profit hospitals also stayed longer after the launch of global budgets. The length-of-stay increased by 3.8 %. However, the increases in treatment intensity were not translated into better outcomes. We have a statistically insignificant estimate for the effect of global budgets on the 30-day mortality.
Estimates of global budget's impact for government hospitals are reported in column 1 of Table 3 . These estimates suggest that there were no increases in treatment intensity for acute cardio-cerebrovascular disease patients admitted to government hospitals. Actually, there was a 5.3 % decrease in points for "other" medical services. The estimate for global budgets' impact on the 30-day mortality rate is negative, implying a decrease in mortality rate by 0.86 percentage points, which is statistically insignificant at conventional levels though.
A more complete set of results is reported in the Appendix. While a thorough discussion of these results is out of the scope of the current study and lengthens the paper considerably, we provide a brief discussion below and focus on those for the total number of points. The coefficient estimates for disease types indicate that compared with hemorrhagic stroke patients, those suffering from AMI, Ischemic heart disease and ischemic stroke received a larger quantity of medical care in government and private not-for-profit hospitals. However, the coefficient estimates are statistically significant for private not-for-profit hospitals. The relevant coefficient estimates are statistically insignificant for for-profit hospitals. These coefficient estimates probably reflect differences in the costs of treating different types of patients.
The coefficient estimates for new patients suggest that new patients of ischemic stroke receive less medical care in all types of hospitals, while those suffering from ischemic heart disease and hemorrhagic stroke receive less medical care only in government and private not-for-profit hospitals and receive more in for-profit hospitals (the coefficient estimate for new patients of ischemic heart disease is statistically insignificant though). New AMI patients receive more medical care in all types of hospitals, albeit the coefficient estimate is statistically insignificant for for-profit hospitals.
While patients' age seems not to affect the amount of medical care they receive, male patients receive more in all types of hospitals. This reflects the phenomenon that male patients' conditions are usually more severe. The coefficient estimates for the days of the week (at admission) dummies are mostly insignificant, except those for "Monday" (negative) and "Sunday" (positive) in for-profit hospital and "Thursday" (positive) and "Saturday" (positive) for government hospitals compared with "Wednesday" (the reference group) for the relevant type of hospitals. The patterns of the days of the week coefficients seem to be consistent with the weekend effects found in the literature: patients admitted on weekends (Saturday or Sunday) receive more medical care probably because hospitals are insufficient staffed on weekends.
The above discussion indicates that there are a lot of differences in the coefficients for different types of hospitals, especially those between for-profit hospitals and the other two types of hospitals. The differences in the coefficient estimates suggest that there is a lot of heterogeneity in the behavior of government, private not-for-profit and for-profit hospitals, probably arising from differences in financial incentives, and hospital equipment and scale.
To summarize, our estimation results suggest that, as predicted by theories, the quantity of treatments received by patients in for-profit and private not-for-profit hospitals increased with the implementation of global budgeting, while that for government hospitals remained unchanged. The increases in treatment intensity are larger for for-profit hospitals. However, the treatment outcome, measured by 30-day mortality, did not improve in for-profit and private not-for-profit hospitals. We have also examined the mortality rates of other horizons (e.g., 7-and 90-day) and obtained similar results, which are available upon request. Given that the increase in medical care utilization did not led to an improvement in treatment outcomes, our estimation results seems to indicate a misallocation or waste of medical resources.
Discussion
In this section, we discuss how our results are related to those obtain by previous studies. This is followed by results of robustness checks on our estimates. Finally, we discuss the implications of several changes to the payment scheme of Taiwan's NHI on this study's empirical analysis.
Our results that global budgets led to an increase in medical care utilization are consistent with those obtained by previous empirical studies for Canada (Rochaix 1993, and Hurley et al. 1997) and Taiwan (Lee and Jones 2004; Chen et al. 2007, and Cheng et al. 2009 ). However, our finding that the increase in medical care utilization did not result in better outcomes are in contrast with those obtained by Chang et al. (2011) and Tung and Chang (2010) . The differences may be due to the fact that there were several adjustments to the NHI payment scheme during their sample period, covering 1997-2008, while most of these adjustments were avoided in our much shorter sample period of January 2001-March 2003.
Moreover, our empirical results are consistent with the predictions of Fan's et al. (1997) under the scenario where providers do not coordinate and Benstetter and Wambach (2006) under the low price equilibrium. On the contrary, Mougeot and Naegelen's (2005) prediction of a lower medical care quantity under the assumption that providers choose the level of service quality and cost-minimization effort to maximize profit is refuted.
For the purpose of robustness check, we estimated model (1) based on a sample excluding patients staying in hospital for more than 65 days, or younger than 35 or older than 80. Patients in this restricted sample is less heterogeneous than those in the full sample. Table 4 summarizes the results. Qualitatively, the results are similar to that in Table 3 for the full sample: there was an increase in the treatment intensity but no improvement in the outcome for patients in for-profit hospitals.
In addition, we have estimated a hierarchical model with a random intercept and a random coefficient for the effect for global budgets. The results based on the hierarchical model, available upon request, are qualitatively (i.e., in terms of the existence and direction of effects) very similar to those obtained with the fixed effects specification.
There were several minor changes in the payment system that were effective surrounding the timing of the implementation of global budgets. However, as explained below, these changes are not likely to affect our empirical analysis. Firstly, BNHI introduced a case payment system to several standardized treatment items on July 1, 1999. However, the number of items covered by this case payment system was limited. Also, there was an increase in the payment levels for some treatment items starting from June 1, 2001. However, the extent of the change was small in magnitude (0.62-4.8 % rise in the payment levels) and the items covered were limited. Furthermore, since the raise was applied (effective June 1, 2001) one year before the implementation of global budgets, it is unlikely to affect our identification of global budget's effect.
Secondly, BNHI increased the copayment for outpatient care significantly in 2002/9. However, since the observations in our sample were hospitalized patients with AMI, ischemic heart diseases and stroke, it is unlikely that an increase in the copayment of outpatient care would also increase the likelihood, frequency or quantities of inpatient care for substitution reasons. After all, the admission of a patient to the inpatient department is determined by a doctor, not by the patient. Another reason why this change would not confound our results is that, in absolute terms, the increases (from around US$5 to US$7 and US$3.3 to US$4.7, respectively for medical centers and regional hospitals) were small and they were unlikely to trigger any inpatient-outpatient service substitution by acute disease patients. Therefore, we believe that the increase in the copayment of outpatient care would not confound our estimation of the effect of global budgeting.
Conclusion
This study investigates the impact of hospital global budgeting on treatment intensity and outcomes of AMI, ischemic heart disease, hemorrhagic stroke, and ischemic stroke patients. We look at the case of Taiwan, which launched hospital global budgets in 2002.
Previous studies' theoretical results suggest that medical service providers are likely to increase their quantity of service supplied. Economic theories also predict that for-profit hospitals have the highest degree of responsiveness to profitable opportunities and government hospitals the least, implying the former are the most responsive to global budgets and the latter the least.
We perform our empirical analysis for government, private not-for-profit, and for-profit hospitals separately and look at the differences in their treatment intensity and the outcome's response to global budgets. Our empirical results suggest that there were sizable increases in for-profit hospitals' treatment intensity, especially in terms of the number of points claimed for treatment procedures, diagnosis/testing/screening, medicines and medical supplies, and patients' length-of-stay. However, our results show no improvement in treatment outcome for patients in for-profit hospitals in terms of the 30-day mortality rate after the launch of hospital global budgets. We have also examined the mortality rates of other horizons (e.g., 7-and 90-day) and obtained similar results, which are available upon request.
The treatment intensity of private not-for-profit hospitals increased moderately with the launch of global budgets. There were no changes in treatment outcomes for patients admitted to these hospitals. By contrast, government hospitals did not increase their treatment intensity at all. There was no change in their treatment outcomes either. The differences in the three types of hospitals' changes in treatment intensity are in accord with theories on government and not-for-profit organizations' behavior. The increases in for-profit and private not-forprofit hospitals' treatment intensity are also consistent with theoretical results of previous studies.
Our results indicate that the increases in medical services devoted to treatment may represent a misallocation or waste of resources because treatment outcomes did not improve. This implies that aggregate expenditure caps should be supplemented by other designs to prevent resources misallocation. For example, Benstetter and Wambach's (2006) suggestion of setting a minimum price for medical services may alleviate the excess use of medical resources. Alternatively, on top of global budgets, a DRG-based payment system instead of a medical procedure-based fee-for-service payment system may prevent hospitals from providing unnecessary medical services to patients. Furthermore, setting individual expenditure caps for hospitals, similar to Taiwan's "Hospital Excellence" scheme, introduced in 2004, may mitigate the "common property" problem caused by global budgets. But this involves high administrative costs. We leave to future research to find out the exact effects of these measures in a global budget system.
See Tables 5, 6 , 7, 8, 9, 10, 11 and 12. In the table we omit 81 coefficient estimates for variables involving time trend (53 coefficients), month dummies (11 coefficients), CCI dummies (16 coefficients), and the constant term in order to save space a Standard errors * * * , * * , * Statistically significant at the 1, 5, and 10 % levels 
